1. Introduction
===============

The honey bee insect belongs to the order Hymenoptera of the Family Apidae of the Genus: Apis, subordinated by the western honey bee *Apis mellifera jemenatica* Ruttner that has spread out all around the Earth. It is in several geographical areas and spaced eras, and such isolation has resulted in a large number of strains of this type, including the Yemeni bee strain (domestic honey bees) *Apis mellifera jemenatica*, which is the prevalent strain in the Arabian Peninsula, both in Yemen and Oman as well as in Saudi Arabia, and it also has spread to some parts of Africa. Honey bees, like other living organisms, are exposed continuously to a wide range of biological and non-biological pressures, such as environmental factors, which may interact with each other and affect the health or survival of the insects ([@b1-epj-08-1843], [@b2-epj-08-1843]). Many industrial substances are used to fight insect pests in agricultural areas, but the indiscriminate use of these substances affects non-targeted insects, such as bees ([@b3-epj-08-1843]). Many insecticides are used routinely to protect crops against insects to prevent economic losses ([@b4-epj-08-1843]). The literature pointed out that the harmful impact of deadly doses of different pesticides shows on the behavior of the insect during its return flight, and they affect the insects' sense of orientation and foraging efficacy ([@b5-epj-08-1843]). In spite of that, many scientific references have referred to the disappearance of honey bees in the 1880s, 1920s, and 1960s, and a description of what looked like a phenomenon of bee colonies Colony Collapse Disorder (CCD), the diagnosis of the causes of bee disappearance include disease, such as "paralysis, viruses, and nosemea ([@b6-epj-08-1843]), and environmental factors, such as global warming and monoculture ([@b7-epj-08-1843]), and pesticides, whether to combat the mites inside the bee hives or field pesticides ([@b8-epj-08-1843]), but there's no way to be sure of whether the factors causing the sudden death in those years are the same of those leading to this problem now concerning the sudden death of bees. Maybe the most different Stupendous and the most important event is the synchronization of this phenomenon all over the world ([@b9-epj-08-1843]) or the so-called phenomenon of honey bee depopulation syndrome (HBDS) ([@b10-epj-08-1843]). There is no single reason for their disappearance, but many scientists have implicated the poor sanitary environment for the bees inside or outside the hives as being one of the most important causes for the loss of bees ([@b11-epj-08-1843], [@b12-epj-08-1843]). The hives' hygiene is influenced with many factors, including hygienic management, innate immunity, viral illnesses, and their pesticide sensitivity, nutrition, adult age, and temperature ([@b11-epj-08-1843], [@b12-epj-08-1843]). Those stressful factors weaken the immune system of the bees just as it does with other social insects, and they may lead to disabling its social system, making them more susceptible to diseases. Several statistics have revealed high levels of pollution of honey bees' combs with pesticide residues, and this study was conducted to test the direct and indirect potential impacts, the length of life of adult honeybee workers. Honeybee workers were bred in the brood combs containing high levels of known pesticide residues, in addition to a control group of non-treated brood combs. It was observed in honey bees brought up in high levels of pesticides, especially in the early ages of 4--8 days, delays in growth, and it also a decrease in the life of the adult honey bee workers was observed, at the rate of four days in bees exposed to such residues, as pesticide residues are transmitted from the combs containing high percentage of pesticide residues to the non-treated combs after cycles of ongoing broods, giving the effects of how fast is the transmission of the residues through honey bees wax, which supports the need to replace honey bee combs. The chemical analysis after conducting the experiment explained the migration of pesticide residues from the treated combs to the non-treated combs in advance. This study is the first of its kind to determine the less than deadly effects of the exposure of the foraging bee combs to pesticides. These effects include larva delayed growth, and full insect delayed hatching, and low longevity of the adult, and this may probably impose indirect effects on communities, such as early transformations in hive phases, and the activity of the foraging honeybee worker insects, in addition to lengthening the time of growth that could lead to the growth of the devastating parasite of Varroa mites. It is necessary to study the impact of the delayed growth of the honey bee population on the activity and fertility of this parasite ([@b13-epj-08-1843]). In 1994, beekeepers in France issued a report containing worrisome signs, i.e., many honey bees did not return to their hives; rather, they gathered in small groups nearby to each hive close to the ground or moving in a disturbed manner in front of the hives, and the foraging honey bee workers showed abnormal manifestations in behavior, where such signs were accompanied by losses in the winter season ([@b14-epj-08-1843]). In a study conducted by Karise et al. ([@b15-epj-08-1843]), it was found that kaolin is an inert material and has a wide range of applications; such as an insecticide, and as a substance may be added to fill iological pesticide compounds, thus, bumble bee workers are exposed to pesticides in the field and therefore are subjected to side effect risks of those pesticides. The study's results showed that treatment with pure kaolin only increases water loss in the ice layer, and reduces its resistance for survival, but when mixing kaolin with real fungi, would lead to a negative impact on the longevity of the bees. Due to the lack of ongoing research in the Kingdom of Saudi Arabia in serious study of the impact of insecticides on the life of honeybee insects, it necessitated the conduct of a biological study to determine the extent of the insecticides' effects under study, i.e., deltamethrin, malathion, and abamectin, on the longevity of the honey bee insect (foraging worker) at different concentrations when used orally.

2. Material and Methods
=======================

2.1. Study setting
------------------

The field research was conducted in the apiary of Hada Al Sham Research Station, which is a model station for agricultural research in the King Abdulaziz University (Saudi Arabia). The honeybees used in the study were Yemeni bee race (local)-*Apis mellifera jemenatica*-which have been subjected to research. It is one of the yellow bee strains spread in many parts of the Arabian Peninsula, distinctive of its adaptation under environmental conditions prevailing in Saudi Arabia, and its disease resistance ([@b16-epj-08-1843]). Individuals used in the study were the foraging honeybee workers, which are individuals working outside the hive in collecting nectar and pollen, but are characterized with being fed on the nectar or honey in larger amounts (carbohydrates nutrition). Foraging honeybee workers were chosen to conduct the study according to Oldroyd and Nanork ([@b17-epj-08-1843]) and Khoury et al. ([@b18-epj-08-1843]), where two methods were combined for the design of wooden cages for breeding, taking into account that the one face of the wooden box is covered with metal wire mesh, while the opposite face would be of glass, based on what was mentioned by Kakmand et al. ([@b19-epj-08-1843]), and for holding cage measurements, were (40 × 30 × 30 cm).

2.2. Material and food administration
-------------------------------------

The cage was provided, on the top side, with two plastic medical syringes (50 ml), one of which with water, and the other syringe with sugar solution of (1:1) that is (50%) (as a source of carbohydrates nutrition). (50% w/v) based on what was conducted by Bortolotti et al. ([@b20-epj-08-1843]), Medrzycki et al. ([@b21-epj-08-1843]), and Pohorecka ([@b22-epj-08-1843]), laced with insecticide solution under test. The cage was also provided with a small plastic pot of 3 cm in diameter, and 1 cm in height, put in the cage bottom to provide natural protein nutrition, (pollen) mixed with sugar in equal parts; where 50 grams of pollen and 50 grams of powdered sugar as well as a little water were added to get a paste, and then 10 grams of the such paste are put in the plastic pot, covered with a transparent perforated plastic sheet to allow feeding of bees and protection of the paste from drying out and preventing the adhesion of such food particles bees during feeding, where food is changed every three days Hatjina et al. ([@b23-epj-08-1843]).

2.3. Time period of experiment conductance
------------------------------------------

Samples were followed up daily until the death of all individuals in the study.

2.4. Insecticides and concentrations used
-----------------------------------------

The adverse effects caused by three types of insecticides, representing the most prevalent groups, available in abundance in the Saudi market, used in pest control, were studied, namely: Deltamethrin; a compound of Pyrethroid group, Malathion, from the Organophosphates pesticide group, and Abamectin pesticide, from the Avermectin group. The use of Deltamethrin pesticide in the following concentrations: 1.00, 2.50, 5.00, and 10.00 ppm, while with the Malathion pesticide, the following concentrations were used: 1.250, 3.125, 6.25, and 12.5 ppm. In case of the Abamectin pesticide, the following concentrations were used: 0.025, 0.1, 0.5, and 1.00 ppm.

2.5. Study groups division
--------------------------

The research experiences were divided into four groups, namely: 1) a non-exposed control group, 2) an exposed group to Deltamethrin, with different concentrations, 3) an exposed group to Malathion, with different concentrations, and 4) an exposed group to Abamectin, with different concentrations.

2.6. Study procedures
---------------------

The forager honey bee workers were selected for the study, as they are individuals working outside the hive in the collection of nectar and pollen, where they have been fed orally, where they were provided with water and natural protein nutrition, and sugar solution laced with insecticide in the required concentration. After initial tests, the appropriate concentrations of each pesticide were selected, as the insecticides used in the study (Deltamethrin, Malathion and Abamectin) were prepared in four different concentrations. The Deltamethrin pesticide was used in the following concentrations: 10, 5, 2.5, and 1 ppm, while the Malathion pesticide was used in the following concentrations: 12.5, 6.25, 3.125, and 1.25 ppm, while Abamectin pesticide has been used in the following concentrations: 1.00 ppm, 0.5 ppm, 0.1 ppm and 0.025 ppm, while the control group was not treated with any kind of pesticides, and were fed naturally, with water, natural protein nutrition as well as sugar solution, free of any additives, were used. The samples were followed up, as a bee would be considered dead when it remains motionless for 10 seconds of the observation period, after moving it gently by a fine brush ([@b24-epj-08-1843]). The longevity of the foraging honeybee worker, staying alive after its exposure, was calculated by daily follow-up and comparing to the control group. The experiment was repeated three times using 15 insects in each time.

2.7. Statistical analysis
-------------------------

All results were subjected to various statistical analyses by IBM-SPSS software, version 22.

3. Results
==========

The results showed the effect of using different concentrations of pesticides on honeybee foraging workers *Apis mellifera jemenatica* throughout the life of these workers, where they were fed on sugary solution laced with insecticide of different concentrations under laboratory conditions. It was found through the results obtained in the present study ([Table 1](#t1-epj-08-1843){ref-type="table"}) that when using Deltamethrin insecticide in the following concentrations: 10, 5, 2.5, and 1 ppm, the average longevities for the workers were 2.5, 11, 14.5, and 15.5 days, respectively. In the case of the Malathion insecticide, the concentrations used in the study were 12.5, 6.25, 3.125, and 1.25 ppm, and the average longevity for the workers were 3.5, 4, 4 and 6.5 days, respectively. As for the Abamectin insecticide at the concentrations tested namely; 1, 0.5, 0.1, and 0.025 ppm, the average longevities for the workers were 2, 3, 3.5, and 5 days, respectively. Whereas the foraging honeybee workers that were not subjected to any kind of exposure (control group) the average period of evolution and life of the workers was 18 days. Our observations showed that the longevity of foraging honeybee workers exposed to tested insecticides were as follows: the average longevity occurred when we used Abamectin insecticide at a concentration of 1 ppm (higher concentration), to two days, thus took a shorter time than the other tested individuals, followed by individuals fed on food laced with Deltamethrin insecticide at concentration 10 ppm (higher concentration), amounting to 2.5 days. As for Abamectin insecticide at a concentration 0.5 ppm, longevity reached three days, where it was close to those exposed to the same insecticide at concentration 0.1 ppm and was also equal to the individuals fed on the Malathion insecticide at a concentration of 12.5 ppm (higher concentration). While at concentrations3.125 and 6.250 ppm, reached up to 4 days. Whereas the average longevity of honeybee workers exposed to the Abamectin insecticide at concentration of 0.025 ppm (the least concentration), reached 5 days, which is approximately the length of the life of the honeybee workers fed on food laced with the Malathion insecticide at the concentration 1.25 ppm (the least concentration) where the length of the lives of the bee workers treated therewith reached 6.5 days, and the period of evolution and the life increased of the bee workers fed with food laced with Deltamethrin insecticide at following concentrations 5, 2.5, and 1 ppm (the least concentration) until it reached up to 11, 14.5, and 15.5 days respectively, which is the longest period in regards of the effect of insecticide on longevity. The results also showed that the longest life was reached by the insects was 15.5 days on the use of Deltamethrin insecticide at concentration 1 ppm (the least concentration), while the least life time was 2 days on the use of Abamectin insecticide at concentration 1.00 ppm. While the longevity of foraging honeybee workers fed on natural diet (control) under lab conditions reached 18 days. The differences between the longevity of honeybee workers fed on food laced with solutions at concentrations of various insecticides tested when statistically analyzed were apparent. Whereas the Malathion insecticide, at a lower concentration, coefficient of variation in longevity was 32.6%, which is the highest value of variation recorded. Abamectin insecticide had the highest impact on longevity, even when using the least concentration thereof, followed by Malathion insecticide, while the Deltamethrin insecticide was of least effect; where the bee workers stayed alive for a longer time compared to other individuals tested in the current study. Hence, it is clear that the type and concentration of the insecticide the bee workers received had a significant impact on the evolution period and longevity and survival of the foraging bee workers. When the effect of different concentrations of insecticides under study, on average longevity of the foraging bee workers *Apis mellifera* after exposure to these insecticides were put in order, it was found to be Abemectin, Malathion, and Deltamethrin, respectively.

4. Discussion and conclusions
=============================

Among the negative effects of the use of insecticides, their impact on non-target organisms, such as useful insects, was defined as the main cause for the disappearance of pollinators of agricultural fields, especially in single-crop farming areas ([@b25-epj-08-1843]--[@b27-epj-08-1843]). The risk of insecticides is not limited to toxicity, but it also has indirect harm to the insect, such as low efficiency and short life. This is consistent with Rortais et al., ([@b28-epj-08-1843]) in that all classes and ages of honeybees are sensitive to pesticides. The results of the current study showed that the longest life of honeybee workers exposed to pesticides was when using Deltamethrin insecticide at the least concentration of 1 ppm, where it reached 15.5 days, compared to other individuals tested in the current study. The foraging honeybee workers fed on a natural diet (control) under laboratory conditions, remained for a period of longevity 18 days. Wu et al. ([@b13-epj-08-1843]) found that the honeybee workers that have been bred in the combs containing insecticide residues at high levels live to average age of 4 days less than those not exposed, and this is consistent with the results of the current study, whereas Vosscher et al. ([@b29-epj-08-1843]) found that the average longevity of honeybee workers after entering foraging stage was less than 8 days. While the Malathion insecticide has medium impact on the longevity among the insecticides used therein; as the average longevity of a honeybee worker when using higher concentration of 12.5 ppm and the least concentration of 1.25 ppm, between 3.5 and 6.5 days, respectively. The results of this study agree with what Smirleet al. ([@b30-epj-08-1843]) and MacKenzie ([@b31-epj-08-1843]) suggested, that topical treatment for members of honeybee workers with under lethal concentrations of insecticides Diazinon or Malathion have resulted in decreases in the length of life. The results of the study also showed that the lowest length of life was when using Abamectin insecticide at the highest concentration; where it showed an impact on longevity even when using the lowest concentrations thereof, as it was two days at the concentration of 1 ppm (the highest concentration), which is the lowest period of life. Bonmatin et al. ([@b32-epj-08-1843]) and Deseneux et al. ([@b33-epj-08-1843]) pointed out that low doses of insecticides used, have proven its impact on longevity and foraging in adult honeybees. The exposure to below lethal concentrations of the Carbaryl insecticide of (Family: Carbamate) have negative effects on honeybee longevity and activities of foraging. Studies indicated that the getting acquainted with the different effects of pesticides on pollinators is a source of particular concern in agricultural systems ([@b8-epj-08-1843], [@b34-epj-08-1843]--[@b37-epj-08-1843]). The low longevity of adult honeybee workers in foraging stage can lead to the younger honeybee workers to begin earlier in search for food, and in the long run, this behavior can affect the internal system of the activities of the hive, including the care of the brood, food processing and storage, care paid to the queen, and effectiveness of hygienic behavior and foraging, which, in turn, leads to a breach in the balance of this colony, which was pointed out by Thompson et al. ([@b38-epj-08-1843]). It can be said that the type and concentration of the insecticide, the bee workers have fed on, has a significant impact on the evolution and survival of the foraging bee workers. When putting into order the effect of different concentrations of pesticides under study, on average longevity of foraging honeybee workers, *Apis mellifera* after exposure to these pesticides, were found to be as follows: Abamectin, Malathion, and Deltamethrin. When referring to the results of the toxic effects and toxin residues of some insecticides on foraging honeybee worker, it was found that the rate of death of the bee workers exposed to Deltamethrin insecticide was higher and average residues inside its body were less. Whereas in Malathion insecticide, the rate of death of the bee workers exposed was less, while the average pesticide residues in their bodies were higher, after 24 hours of exposure ([@b39-epj-08-1843]). Also, when referring to the results of detection of pesticide residues in foraging honeybee workers using gas chromatographic analyses, it was found that the average residue of Malathion insecticide was more than the Deltamethrin insecticide residue inside the body of honeybee samples that were exposed to different concentrations ([@b40-epj-08-1843]); and this explains why the length of the life of foraging honeybee workers exposed to the Deltamethrin insecticide, where it may be the absence of the concentrations of residues of the Deltamethrin insecticide in the body of the insect that gave it a greater chance of survival for longer periods, but samples of honey bees exposed to the Malathion residues of this pesticide led to decreased longevity. The life of a honeybee worker and its longevity depend upon the health and safety of all of the members of the beehive, so it is necessary, when the application of insecticides to the continuity of life, to take into account, the gravity of the entire society depends on his life in this layer of the bee community.

The authors appreciate the support provided for this study by King Abdul Aziz University.

iThenticate screening: December 29, 2015, English editing: January 05, 2016, Quality control: January 08, 2016

**Conflict of Interest:** There is no conflict of interest to be declared.

**Authors\' contributions:** Both authors contributed to this project and article equally. All authors read and approved the final manuscript.

###### 

Mean of the honey bee forager workers' longevity after exposure to different concentrations of Deltamethrin, Malathion, and Abemectin

  Insecticide    Concentration (ppm)   Longevity Mean   SD     Coefficient of Variation (%)
  -------------- --------------------- ---------------- ------ ------------------------------
  Deltamethrin   1.00                  15.5             0.71   4.56
  2.50           14.5                  2.12             14.6   
  5.00           11.0                  1.41             12.9   
  10.0           2.5                   0.71             28.3   
  Malathion      1.250                 6.5              2.12   32.6
  3.125          4                     0.0              0.0    
  6.250          4                     0.0              0.0    
  12.50          3.5                   0.71             20.2   
  Abamectin      0.025                 5                1.41   28.3
  0.1            3.5                   0.71             20.2   
  0\. 5          3                     0.0              0.0    
  1.00           2                     0.0              0.0    
  Control        0.00                  18               2.83   15.7
